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The title compound, [Fe(C 5 H5)(C 21 H 24 NPS)]I-CHCl3, is built 
up from a (ferrocenylmethyl)trimethylammonium cation, a 
iodine anion and a chloroform solvent molecule, all residing in 
general positions. The N atom of the ammonium group is 
displaced by 1.182 (2) A from the plane of the substituted 
cyclopentadienyl (Cp) ring towards the Fe atom, whereas the 
C atom attached to the same Cp ring is slightly below this 
plane by —0.128 (2) A. These deviations might result from 
weak agostic interactions between the two H atoms of the CH 2 
group and the Fe atom. 

Related literature 

For related structures containing the (ferrocenyl)trimethyl- 
ammonium framework, see: Bai et al. (2011); Ballester et al. 
(2003); Blake et al. (2004); Broomsgrove et al. (2010); Chohan 
et al. (1997); Deck et al. (2000); Ferguson et al. (1994); Herb- 
stein & Kapon (2008); Hong et al. (2005); Hosmane et al. 
(1998); Hu et al. (2004); Li et al. (2009); Malezieux et al. (1994); 
Pullen et al. (1998); Reynes et al. (2002); Selvapalam et al. 
(2007); Sharma et al. (2006); Veya & Kochi (1995); Volkov et 
al. (2003, 2005, 2006); Xu et al. (2010); Yongmao et al. (1982); 
Zhuji et al. (1982). For their use in chemistry, see: Routaboul et 
al. (2005, 2007); Mateus et al. (2006); Le Roux et al. (2007); 
Diab et al. (2008); Audin et al. (2010); Debono et al. (2010). For 
a description of the Cambridge Structural Database, see: 
Allen (2002). 
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Experimental 

Crystal data 

[Fe(C 5 H 5 )(C 21 H 24 NPS)]I-CHCl 3 

M, = 720.65 

Monoclinic, P2,/c 

a = 17.4056 (6) A 

b = 12.1843 (3) A 

c = 14.9389 (5) A 

P = 110.632 (4)° 

Data collection 

Agilent Xcalibur (Sapphire 1, long 
nozzle) diffractometer 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2012) 
T min = 0.574, r m „ = 1.0 

Refinement 

R[F 2 > 2a(F 2 )} = 0.025 

wR(F 2 ) = 0.062 

5 = 1.08 

6065 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



I", CHCI 3 



V = 2964.97 (18) A J 
Z = 4 

Mo Ka radiation 
jU = 1.96 mm -1 
T = 180 K 

0.49 x 0.18 x 0.10 mm 



31103 measured reflections 
6065 independent reflections 
5385 reflections with / > 2a(I) 
R inl = 0.034 



319 parameters 

H-atom parameters constrained 
Ap»ax = 0.62 e A~ 3 
Ap mi „ = -0.61 e A~ 3 
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H-A 


D-A 


D-H-A 


C24-H24C- ■ 11 


0.98 


3.05 


4.001 (3) 


163 


C100-H100- ■ 11 


1.00 


2.93 


3.810 (3) 


147 



Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SIR97 (Altomare et al., 1999); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEPIII (Burnett & Johnson, 1996) and ORTEP-3 for Windows 
(Farrugia, 2012); software used to prepare material for publication: 
WinGX (Farrugia, 2012). 

AK thanks the Ministry of Education, Science, Youth and 
Sports of Ukraine for funding his stay at the LCC. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RN2109). 
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rac-{[2-(Diphenylthiophosphanyl)ferrocenyl]methyl}trimethylammonium iodide 
chloroform monosolvate 

Andrei Karpous, Zoia Voitenko, Jean-Claude Daran and Eric Manoury 
Comment 

Recently, our group has synthesized various chiral enantiomerically pure ferrocenyl ligands and tested them in different 
catalytic asymmetric reactions (Routaboul et ah, 2005; Mateus et ah, 2006; Routaboul et ah, 2007; Le Roux et ah, 2007; 
Diab et ah, 2008; Audin et ah, 2010; Debono et ah, 2010). These ligands are synthesized from enantiomerically pure 
2-(diphenylthiophosphanyl)(hydroxymethyl)ferrocene. One intermediate in the synthesis of such enantiomerically pure 
building block is the racemic (2-diphenylthiophosphanylferrocenyl) trimethylammonium iodide (Mateus et ah, 2006). 

The asymmetric unit is built up from the (ferrocenylmethyl)trimethylammonium cation, the iodine anion and a chloro- 
form molecule as solvate (Fig. 1). Except for the occurrence of the chloroform solvate, the structure is closely related to 
the one reported by Ferguson et ah (1994). However, in their case, the iodine was in weak interaction with one of the H 
atom of the bridging CH 2 group whereas in our case the shortest interactions with the iodine involved one of the methyl 
of the ammonium and the H atom of the chloroform (Table 1). The phosphorus, PI atom, is roughly in the plane of the Cp 
ring to which it is attached deviating only by -0.013 (1) A whereas the sulfur, SI, is endo located -0.887 (1) A below the 
Cp ring. 

In the Cambridge Structural Database (CSD version 5.33, 2011; Allen, 2002), there are, to the best of our knowledge, 
34 hits corresponding to structures involving the (ferrocenylmethyl)trimethylammonium cation with different counter 
ions. A comparison of selected distances and angles within the Cp — C-NMe 3 framework is reported in supplementary 
materials. Surprisingly, there is no real influence of the counter ion on the geometry of this framework. In all compounds 
the bridging C sp 3 atom is always endo with respect to the Cp ring to which it is attached with values ranging from -0.07 
to -0.426 A, whereas the ammonium N atom is always exo with values ranging from 0.999 to 1.914 A. Surprisingly, these 
two extreme values are related to compound containing a very large anion, the (ui2-phosphato)-tetracosakis(M2-oxo)- 
dodecaoxo-molybdenum(v)-undeca-molybdenum(vi) (Li et ah, 2009). However, it is worthwhile to note that the 
asymmetric unit in this polyoxomolybdate anions contains four molecules of which two of them have distance of the N 
from the Cp ring within the usual range: 1.248 and 1.152 A. Moreover there are other compounds containing 
polyoxomolybdate anions (Xu et ah, 2010; Li et ah 2009) for which the values are within the normal range. So, these two 
extreme values might be the consequence of crystal packing which should accommodate four molecules within the 
asymetric unit. 

Experimental 

(2-diphenylthiophosphanylferrocenyl) trimethylammonium iodide was synthesized by a published procedure (Mateus et 
ah, 2006). Single crystals suitable for X-ray diffraction analysis were grown from a chloroform solution by slow 
evaporation of the solvent. 
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Refinement 

All H atoms were fixed geometrically and treated as riding with C — H = 0.95 A (aromatic), 0.98 A (methyl), 0.99 A 
(methylene) and 1.0 A (methine) with t/ iso (H) = 1.2£/ eq (C) or [/^(H) = 1.5t/ eq (C me thyi). 

Computing details 

Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: CrysAlis PRO (Agilent, 2012); data reduction: CrysAlis 
PRO (Agilent, 2012); program(s) used to solve structure: SIR97 (Altomare et al, 1999); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEPIII (Burnett & Johnson, 1996) and ORTEP-3 for 
Windows (Farrugia, 2012); software used to prepare material for publication: WinGX (Farmgiz, 2012). 




Figure 1 

Molecular view of compound I with the atom labeling scheme. Ellipsoids are drawn at the 30% probability level. H 
atoms have been omitted for clarity. 

rac-{[2-(Diphenylthiophosphanyl)ferrocenyl]methyl}trimethylammonium iodide chloroform monosolvate 

Crystal data 

[Fe(C 5 H 5 )(C2iH 2 4NPS)]I-CHCl3 Hall symbol: -P 2ybc 

Mr = 720.65 a = 17.4056 (6) A 

Monoclinic, Pljc b = 12.1843 (3) A 
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c= 14.9389 (5) A 


Cell parameters from 19830 reflections 


/i= 110.632(4)° 


9= 2.9-28.4° 


V — IQfA 07 n S\ A3 

v — zyo4.y / (i a) a 


ji — 1 .96 mm 1 


Z = 4 


T= 180 K 


7^(000) = 1440 


Box, yellow 


Z) x = 1.614 MgnT 3 


0.49 x 0.18 x 0.10 mm 


Mo Ka radiation, 1 = 0.71073 A 




Data collection 




Agilent Xcalibur (Sapphire 1, long nozzle) 


31103 measured reflections 


diffractometer 


6065 independent reflections 


Radiation source: fine-focus sealed tube 


5385 reflections with 7 > 2<r(7) 


Graphite monochromator 


R im = 0.034 


T^ptj^r'trw rpcr*1ntir\n ■ & niYf^lc mm"^ 
l^dtdUl ICSUlUllUll. O.ZUji piAClo 111111 


ft — If, 4° ft = ? Q° 


co scans 


h = -21— >21 


Absorption correction: multi-scan 


& = -15->15 


(CrysAlis PRO; Agilent, 2012) 


/ = -18->T8 


T = o 574 T„ = 1 0 




Refinement 




Refinement on F 2 


Secondary atom site location: difference Fourier 


Least-squares matrix: full 


map 


R[F > l^F 2 )] = 0.025 


Hydrogen site location: inferred from 


wR(F*) = 0.062 


neighbouring sites 


5= 1.08 


H-atom parameters constrained 


6065 reflections 


w = lVCFo 2 ) + (0.0242P) 2 + 2.8471P] 


319 parameters 


where P = (F„ 2 + 2F, 2 )/3 


0 restraints 


(A/(7) max = 0.002 


Primary atom site location: structure-invariant 


A/w = 0.62 e A~ 3 


direct methods 


Ay9 min = -0.61 e A" 3 


Special details 




Experimental. Empirical absorption correction using spherical harmonics, implemented in SCALE3 ABSPACK scaling 


algorithm. CrysAlisPro (Agilent Technologies, 2012) 




Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 


matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 


correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 


(isotropic) treatment of cell s.u.'s is used for estimating 


s.u.'s involving l.s. planes. 


Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 


conventional 7?-factors R are based on F, with F set to zero for negative F 1 . The threshold expression ofF 2 > a{F 1 ) is used 


only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on F 1 


are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 


Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 


x y 




Fel 0.170301 (18) 0.73893 (3) 


0.16941 (2) 0.01825 (7) 


PI 0.13712 (3) 0.49498 (4) 


0.25844(4) 0.01734(11) 


SI 0.13878 (4) 0.39785 (5) 


0.15519 (4) 0.02843 (13) 


Nl 0.38708 (12) 0.51750(17) 


0.26266 (14) 0.0266 (4) 


CI 0.19359 (13) 0.62039(17) 


0.26970 (14) 0.0173 (4) 


C2 0.26568 (13) 0.64348 (18) 


0.24522(15) 0.0196(4) 


C3 0.28607 (14) 0.75593 (19) 


0.26702 (16) 0.0242 (5) 


H3 0.3307 0.7935 


0.2581 0.029* 
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U.U26* 




.54143 (16) 


A AO £ A 

0.0269 


(5) 


C A/1 A 

.5941) 


A AT O * 

U.U32* 




CCOCA / 1 /'X 

.55350 (16) 


A AO O A 

0.0289 


/c\ 

(5) 


£ 1 /I c 

.6145 


A AT C * 

0.055* 




/i tt/i /i 1 1 
.4 / /44 (1 /) 


A AO OC. 


(5) 


.4864 


A Al /I sk 

0.034* 




.38 /83 (16) 


A AO A A 

0.0240 


/c\ 

(5) 


1 1 C A 

.3350 


A AO A sk 

0.029* 




24y /4 (15) 


A AOA/1 


(4) 


O O O O 1 / 1 /^\ 

.32821 (16) 


0.0243 


/C\ 

(5) 


.3863 


A AOA* 

U.U29 




.32155 (19) 


0.0313 


(5) 


.3747 


0.038* 




.2378 (2) 


0.0359 


(6) 


.2333 


0.043* 




.16082(19) 


0.0348 


(6) 


.1036 


0.042* 
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Clzo 


-0.03235 (15) 


a en')') / 1 a\ 




OAobZy (1 /) 


0.0Z/0 (J) 




tti 


-0.0237 




A A "7 A 1 

0.4791 




Aim 

0.1131 


a mo * 

0.032* 




n no 

^ 1 WW 


0.40211 (16) 


0 1117 (1\ 
U. 1 1 1 / yz.) 










H100 


0.4611 




0.1343 




0.4362 


0.041* 




Cll 


0.39374 (5) 




-0.02380 (6) 




0.44430 (6) 


0.04887 (18) 




C12 


0.34498 (6) 




0.19884 (7) 




0.45463 (7) 


0.0642 (3) 




C13 


0.36757 (5) 




0.12290(10) 




0.28457 (5) 


0.0685 (3) 




11 


0.586539 (10) 


0.293348 (13) 




0.433624 (12) 


0.03129 (6) 




Atomic displacement parameters (A 2 ) 






U 22 




U 33 






u 13 




Fel 


0.01707 (16) 


0.01936 (16) 


0.01709(15) 


-0.00029 (12) 


0.00449 (12) 


0.00296 (12) 


PI 


0.0202 (3) 


0.0167 


(3) 


0.0162 


(2) 


-0.0016 (2) 


0.0079 (2) 


-0.0016 (2) 


SI 


0.0382 (3) 


0.0255 


(3) 


0.0257 


(3) 


-0.0051 (3) 


0.0164 (3) 


-0.0105 (2) 


Nl 


0.0222 (10) 


0.0349 


(11) 


0.0263 


(10) 


0.0080 (9) 


0.0128 (8) 


0.0060 (9) 


CI 


0.0195 (10) 


0.0176 


(10) 


0.0141 


(9) 


-0.0006 (8) 


0.0050 (8) 


0.0013 (8) 


C2 


0.0179(10) 


0.0214 


(ii) 


0.0177 


(10) 


-0.0007 (9) 


0.0041 (8) 


0.0040 (8) 


C3 


0.0210(11) 


0.0237 


(11) 


0.0241 


(11) 


-0.0042 (9) 


0.0031 (9) 


0.0031 (9) 


C4 


0.0280 (12) 


0.0191 


(11) 


0.0242 


(11) 


-0.0026 (9) 


0.0037 (10) 


-0.0022 (9) 


C5 


0.0246(11) 


0.0212 


(11) 


0.0167 


(10) 


0.0006 (9) 


0.0064 (9) 


-0.0001 (8) 


C6 


0.0298 (14) 


0.0541 


(18) 


0.0255 


(13) 


-0.0149(13) 


-0.0061 (11) 


0.0118 (12) 


C7 


0.0471 (16) 


0.0378 


(15) 


0.0173 


(11) 


0.0080(12) 


0.0015 (11) 


0.0004(10) 


C8 


0.0251 (12) 


0.0424 


(15) 


0.0198 


(11) 


0.0069(11) 


0.0077 (10) 


0.0125 (10) 


C9 


0.0330 (13) 


0.0300 


(13) 


0.0273 


(12) 


0.0069(11) 


0.0079 (10) 


0.0132(10) 


CIO 


0.0225 (13) 


0.0568 


(18) 


0.0320 


(13) 


0.0130(12) 


0.0073 (11) 


0.0167(12) 


C21 


0.0201 (11) 


0.0285 


(12) 


0.0207 


(10) 

v / 


0.0026 (9) 


0.0075 (9) 


0.0040 (9) 


C23 


0.0430(16) 


0.0575 


(19) 


0.0407 


(15) 


0.0219(14) 


0.0232 (13) 


-0.0007 (14) 


C24 


0.0346(15) 


0.0467 


(16) 


0.0480 


(16) 


0.0167(13) 


0.0229 (13) 


0.0256 (13) 


C25 


0.0232 (13) 


0.0520 


(17) 


0.0382 


(14) 


0.0023 (12) 


0.0039 (11) 


0.0032 (13) 


cm 


0.0208(11) 


0.0183 


(10) 


0.0200 


(10) 


0.0021 (8) 


0.0113 (9) 


0.0017(8) 


C112 


0.0246 (12) 


0.0196 


(11) 


0.0228 


(10) 


-0.0008 (9) 


0.0117(9) 


-0.0018 (9) 


C113 


0.0295 (13) 


0.0291 


(12) 


0.0204 


(11) 


0.0002 (10) 


0.0066 (10) 


-0.0013 (9) 


C114 


0.0347 (14) 


0.0311 


(13) 


0.0225 


(11) 


0.0050(11) 


0.0121 (10) 


0.0076 (10) 


C115 


0.0314(13) 


0.0252 


(12) 


0.0326 


(13) 


-0.0023 (10) 


0.0158(11) 


0.0065 (10) 


C116 


0.0230 (12) 


0.0228 


(11) 


0.0263 


(11) 


-0.0027 (9) 


0.0087 (9) 


0.0010 (9) 


C121 


0.0207(11) 


0.0182 


(10) 


0.0231 


(10) 


-0.0025 (9) 


0.0087 (9) 


0.0006 (8) 


C122 


0.0241 (12) 


0.0250 


(12) 


0.0246 


(11) 


-0.0012 (9) 


0.0096 (9) 


0.0002 (9) 


C123 


0.0314(13) 


0.0277 


(13) 


0.0399 


(14) 


0.0026(10) 


0.0189(12) 


0.0000(11) 


C124 


0.0249 (13) 


0.0313 


(14) 


0.0527 


(16) 


0.0046(11) 


0.0150(12) 


0.0068 (12) 


C125 


0.0236 (13) 


0.0340 


(14) 


0.0396 


(14) 


-0.0050 (11) 


0.0020(11) 


0.0021 (11) 


C126 


0.0264 (12) 


0.0258 


(12) 


0.0264 


(12) 


-0.0066 (10) 


0.0064 (10) 


-0.0026 (9) 


C100 


0.0264 (13) 


0.0414 


(15) 


0.0296 


(13) 


0.0052(11) 


0.0044(11) 


0.0017(11) 


Cll 


0.0362 (4) 


0.0370 


(4) 


0.0614 


(5) 


-0.0056 (3) 


0.0022 (3) 


-0.0025 (3) 


C12 


0.0818(6) 


0.0558 


(5) 


0.0758 


(6) 


0.0302 (5) 


0.0536 (5) 


0.0199(4) 


C13 


0.0528 (5) 


0.1143 


(8) 


0.0300 


(4) 


-0.0006 (5) 


0.0042 (3) 


0.0028 (4) 


11 


0.02343 (9) 


0.03225 (10) 


0.03755 (10) 


0.00095 (6) 


0.00995 (7) 


-0.00385 (7) 
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Geometric parameters (A, ") 



Fel— C2 


2.017 (2) 


C21— H21A 


0.9900 


Fel— CI 


2.017 (2) 


C21— H21B 


0.9900 


Fel— C8 


2.027 (2) 


C23— H23A 


0.9800 


Fel— C7 


2.030 (2) 


C23— H23B 


0.9800 


Fel— C5 


2.035 (2) 


C23— H23C 


0.9800 


Fel— C9 


2.036 (2) 


C24— H24A 


0.9800 


Fel— C3 


2.039 (2) 


C24— H24B 


0.9800 


Fel— CIO 


2.053 (3) 


C24— H24C 


0.9800 


Fel— C6 


2.056 (3) 


C25— H25A 


0.9800 


Fel— C4 


2.056 (2) 


C25— H25B 


0.9800 


PI— CI 


1.792 (2) 


C25— H25C 


0.9800 


pi— cm 


1.814(2) 


Clll— C112 


1.385 (3) 


PI— C121 


1.818 (2) 


Clll— C116 


1.389 (3) 


PI— SI 


1.9524 (7) 


C112— C113 


1.386 (3) 


Nl— C24 


1.492 (3) 


C112— H112 


0.9500 


Nl— C23 


1.495 (3) 


C113— C114 


1.380 (3) 


Nl— C25 


1.497 (3) 


C113— H113 


0.9500 


Nl— C21 


1.527 (3) 


C114— C115 


1.375 (4) 


CI— C5 


1.435 (3) 


Cl 14— HI 14 


0.9500 


CI— C2 


1.453 (3) 


C115— C116 


1.385 (3) 


C2— C3 


1.424 (3) 


C115— H115 


0.9500 


C2— C21 


1.490 (3) 


C116— H116 


0.9500 


C3— C4 


1.403 (3) 


C121— C126 


1.388 (3) 


C3— H3 


0.9500 


C121— C122 


1.395 (3) 


C4— C5 


1.414(3) 


C122— C123 


1.382 (3) 


C4— H4 


0.9500 


C 122— HI 22 


0.9500 


C5— H5 


0.9500 


C123— C124 


1.383 (4) 


C6— CIO 


1.405 (4) 


C123— H123 


0.9500 


C6— C7 


1.417(4) 


C124— C125 


1.377 (4) 


C6— H6 


0.9500 


C 124— HI 24 


0.9500 


Cl CR 


1 4 1 ? (A\ 




1 ^qo n"i 

l .J y\j \ J j 


C7— H7 


0.9500 


C125— H125 


0.9500 


C8— C9 


1.406 (3) 


C 126— HI 26 


0.9500 


C8— H8 


0.9500 


C100— C12 


1.745 (3) 


C9— CIO 


1.404 (4) 


C100— Cll 


1.752 (3) 


C9— H9 


0.9500 


C100— C13 


1.753 (3) 


CIO— H10 


0.9500 


C 100— HI 00 


1.0000 


C2— Fel— Cl 


42.23 (8) 


Fel— C6— H6 


126.7 


C2— Fel— C8 


114.24 (9) 


C8— C7— C6 


108.0 (2) 


Cl— Fel— C8 


149.55 (9) 


C8— C7— Fel 


69.50 (14) 


C2— Fel— C7 


108.25 (10) 


C6— C7— Fel 


70.69(15) 


Cl— Fel— C7 


118.22(10) 


C8— C7— H7 


126.0 


C8— Fel— C7 


40.74(11) 


C6— C7— H7 


126.0 


C2— Fel— C5 


69.81 (9) 


Fel— C7— H7 


125.4 


Cl— Fel— C5 


41.49 (8) 


C9— C8— C7 


107.7 (2) 


C8— Fel— C5 


166.33 (10) 


C9— C8— Fel 


70.09(13) 


C7— Fel— C5 


152.30(10) 


C7— C8— Fel 


69.76(13) 
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p O T7_1 PA 

Cz — rel — cy 


1 A £ O) >1 /0\ 

146.Z4 (y) 


p 1 77 „ i p ("v 

CI — fel — C9 


1 /rn zro /a\ 

169.62 (9) 


Co — rel — C9 


40.51 (10) 


T7~1 pn 

C7 — fel — C9 


/:o a/: /i i \ 

68.06 (11) 


PC T7 _ 1 p pv 

C5 — rel — C9 


1 o i / 1 a\ 

129.32 (10) 


P ~) _ 1 P O 

C2 — rel — C3 


/I 1 11 /Tk\ 

41.11 (9) 


p 1 t?~ 1 po 

CI — rel — C3 


/:c /a\ 

69.65 (9) 


P O T7„ 1 P O 

C8 — rel — C3 


1 AC CO / 1 A \ 

105.52 (10) 


C / — rel — C3 


no t> / 1 i \ 

lzy.zJ (ii) 


p c _ i p o 

C5 — rel — C3 


£LO TO /A\ 

68.38 (9) 


C9 — rel — C3 


113.61 (10) 


Cz — rel — CIO 


IT1 n/ /i i\ 

171.76 (11) 


CI — rel — CIO 


132.36 (1U) 


p o 77 i pi ft 

Co — rel — CIO 


67.91 (10) 


C7 — Fel — CIO 


/"T TA /1 1\ 

67.79 (11) 


C5 — rel — CIO 


i 1 a r\n / 1 a\ 

110.07 (10) 


C9 — rel — C1U 


Af\ 1 T / 1 A\ 

4U.1 / (1U) 


po 17^1 /~i 1 a 

C3 — rel — CIO 


147.00 (11) 


C2 — Fel — C6 


101 /i/i /i i \ 

132.44 (11) 


p 1 77 „ i p /_ 

CI — Fel — Co 


111 1 A / 1 A\ 

111.10 (10) 


Co — Fel — Co 


68.21 (1U) 


C7 — Fel — Co 


/IA CH /I T\ 

40.57 (12) 


C5 — Fel — C6 


1 1 a r ^ / 1 a\ 

119.62 (10) 


C ' l\ 77 '1 f 1 /_ 

C9 — rel — Co 


£H HZ / 1 1 \ 

67.65 (11) 


pi T?„i p/: 

Cj — rel — Co 


i6y.4i (ii) 


p 1 (\ 77„1 P /_ 

CIO — Fel — Co 


OA AO /1 1\ 

39.98 (12) 


f ' 1 l -1 1 P /I 

C2 — Fel — C4 


/"O T /T /A\ 

68.76 (9) 


C • 1 77 „ 1 /-i /] 

CI — rel — C4 


jCA AA /A\ 

69.09 (9) 


p Q T7„1 P/1 

Co — rel — C4 


12 /.j(J (1U) 


P^7 T" 1 1 /" i /i 

C7 — Fel — C4 


I /•/ J/- /11\ 

166.46 (11) 


/-if 77 „ 1 p a 

C5 — Fel — C4 


/I A yl ^ /A\ 

40.42 (9) 


C9 — Fel — C4 


lA/; /I A\ 

106.63 (10) 


Ci — Fel — C4 


A A AT /ON 

4U.U/ (y) 


p 1A T -1 1 /" < /I 

CIO — Fel — C4 


i i /■ /1 1 \ 

116.83 (11) 


p /-_ 77„ 1 P/1 

Co — rel — C4 


1CA CA /11\ 

150.50 (11) 


P 1 T11 pi 11 

CI — rl — CI 11 


1 AC A £. / 1 A\ 

105.46 (10) 


P 1 Til p 1 11 

CI — rl — Clzl 


106.77 (10) 


pi 1 1 Til pin 

C 1 1 1 — r 1 — C 1 z 1 


1 A 1 O £. / A \ 

101.86 (9) 


P 1 A 1 C 1 

CI — rl — SI 


1 1 f f 1 /H\ 

115.51 (7) 


pi i i r\ 1 ri 1 

cm — PI — SI 


113.33 (7) 


P1H 7> 1 ni 

Clzl — rl — SI 


1 1 1 t> /o\ 

112.72 (8) 


p 1 A x T 1 P11 

C24 — Nl — C23 


1 AA C 

109.6 (2) 


C24 — JN 1 — C25 


1 ao z: /lA 

108.6 (2) 


C2j — JN 1 — L25 


1 AO *7 /^>N 
1U8. / (2) 


C24— Nl— C21 


110.85 (18) 


C23— Nl— C21 


107.32 (19) 


C25— Nl— C21 


111.69(19) 


C5— CI— C2 


106.79 (18) 


C5— CI— PI 


123.78 (16) 



PA PO TTO 

C9 — C8 — H8 


126.2 


C7 — C8 — H8 


126.2 


7-1 \ f 0 TTO 

Fel — C8 — H8 


125.6 


P 1 A PA P O 

C10 — C9 — C8 


1 AO O / O \ 

108.3 (2) 


P 1 A PA T" 1 1 

C10 — C9 — Fel 


TA CO /1 /1\ 

70.58 (14) 


P O PA T 1 1 

C8 — C9 — Fel 


/"A ,11 /I 1\ 

69.41 (13) 


PI A PA TTA 

C10 — C9 — FL9 


11C O 

125.8 


C8 — C9 — H9 


125.8 


1 pr\ TTA 

Fel — C9 — H9 


125.8 


C9 — CIO — C6 


108.3 (2) 


PA P 1 A "T" 1 

C9 — C10 — Fel 


/"A O C /" 1 A \ 

69.25 (14) 


C6 — CIO — Fel 


70.12 (15) 


PA P 1 A T T 1 A 

C9 — C10 — H10 


125.8 


P /~ P 1 A T T 1 A 

C6 — CIO — HIO 


125.8 


T~< 1 S~"' 1 f\ T T "1 f~\ 

Fel — C10 — H10 


126.4 


C2 — C21 — Nl 


1 15.32 (18) 


PI PI 1 TT1 1 A 

C2 — C2 1 — H2 1 A 


108.4 


X T 1 P 11 T T1 1 A 

Nl — C21 — H21A 


108.4 


/"< >~\ 1 TTO 1 T~i 

C2 — C2 1 — H2 1 B 


108.4 


XT 1 P 11 Til 1 71 

Nl — C21 — H21B 


108.4 


TT11 A PI 1 TT11T1 

H21A — C21 — H21B 


1 A "7 C 

107.5 


XT1 PH T T1 1 A 

Nl — C23 — H23A 


109.5 


Nl — C23 — H23B 


109.5 


TTOO A /"lOI TTATT1 

H23A — C23 — H23B 


109.5 


X T 1 PI") TT11P 

N 1 — C23 — H23C 


1 AA C 

109.5 


H23A — C23 — H23C 


109.5 


H23B — C23 — H23C 


109.5 


XT 1 P 1/1 T T1 A A 

N 1 — C24 — H24A 


109.5 


XT 1 PI A TT1/IT1 

Nl — C24 — H24B 


1 AA C 

109.5 


TTO A A /"lO A TTO ATt 

H24A — C24 — H24B 


109.5 


X T 1 /"< O A T TO A /~ 

N l — C24 — H24C 


109.5 


TTO/1 A PI A TT1/1P 

H24A — C24 — H24C 


1 AA C 

109.5 


TT1/1T> PI /I TT1/1P 

H24B — C24 — H24C 


1 AA C 

109.5 


X T 1 /~(Af IIAf A 

Nl — C25 — H25A 


109.5 


X T 1 P Of/ TTO <T 7~1 

Nl — C25 — H25B 


109.5 


TTOC A PIC TTICTi 

H25A — C25 — H25B 


1 AA C 

109.5 


XT1 POC TTOCP 

N 1 — Cz5 — Hz5C 


1 AA C 

109.5 


H25A — C25 — H25C 


109.5 


ITTf n /Tir TTO^y^i 

H25B — C25 — H25C 


109.5 


P 110 P 111 P 11/" 

ci 12 — cm — cii6 


1 1 A A ZO\ 

120.0 (2) 


P 110 P 111 T» 1 

C112 — cm — pi 


111 A (\ /1/^\ 

122.49 (16) 


cii6 — cm — pi 


117.47 (17) 


p 111 p 110 p 110 

cm — cii2 — cii3 


1 1 A A ZO\ 

119.9 (2) 


pi 1 1 pin tti n 

Clll — C112 — H112 


1 OA 1 

120.1 


C113— C112— H112 


120.1 


C114— C113— C112 


119.9(2) 


CI 14— C113— H113 


120.1 


C112— C113— H113 


120.1 


C115— C114— C113 


120.5 (2) 
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C2 — CI — PI 




1 on A 1 / 1 z:\ 

129.43 (16) 


n i r p 1 i /i t t 1 1 /i 

C115 — C114 — HI 14 




1 1 A H 

119.7 


C5 — CI — Fel 




69.95 (12) 


/~1 -i 1 t /" < 11/1 T T 1 1 /I 

CH3 — CH4 — HI 14 




119.7 


p 1 ni T 1 1 

C2 — CI — Fel 




/"O OO /I 1 \ 

68.88 (ll) 


/"< 1 1 ,1 nil f ni 1 /- 

C114 — C115 — C116 




1 1 A A /I \ 

120.0 (2) 


rl — CI — rel 




125.51 (11) 


1 1 /I n 1 f TT1 1 c 

C114 — C115 — HI 15 




1 1A A 

120.0 


C3 — C2 — CI 




1 AT TC /I a\ 

107.25 (19) 


/-ill/; ni i r tti 1 c 

C 1 1 6 — C 1 1 5 — H 115 




1 1A A 

120.0 


pi f 1 1 p 1 

C3 — C2 — C21 




122.72 (19) 


cii5 — ciio — cm 




1 1 A O /1\ 

119.8 (2) 


r ' i /~<o 1 

CI — C2 — C21 




129.7 (2) 


n i r pi i /- tti i /; 

C 1 1 5 — C 1 1 6 — H 116 




1 OA 1 

120.1 


P11 PI T" 1 1 

C3 — C2 — Fel 




ha T 1 / 1 1 \ 

70.31 (13) 


P 111 / " 11/" TTI 1 z' 

Clll — C116 — H116 




120.1 


p i p 1 I - " _ 1 

CI — C2 — rel 




68.89 (12) 


pi i/" pi 11 p 1 n 

C126 — C121 — C122 




1 1 A / /1\ 

119.6 (2) 


p 11 -1 PI I - ' 1 

C21 — C2 — Fel 




121.12 (15) 


p< 1 r\ /- p 111 T~\ 1 

C126 — C121 — PI 




1 1 A 1 /I / 1 T\ 

120.34 (17) 


P A /n-) PI 

C4 — C3 — C2 




1 AO A /1\ 

108.9 (2) 


pin P 1 1 1 T» 1 

C122 — C121 — PI 




1 1 A AC / 1 "7\ 

120.05 (17) 


C4 — C3 — Fel 




"7 A /"I /I T\ 

70.62 (13) 


f • 1 o ^> p 1 o ^ p 1^1 

C123 — C122 — C121 
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Hydrogen-bond geometry (A, °) 
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163 
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147 


Comparison of the Cp — C — NMej framework (A, °) in 


the title compound and related structures 


in the CSD. 


Nl-Cp is the distance of the N atom from the Cp ring, C21---Cp is the distance of the C21 atom from the Cp ring andAngl is the dihedral angle between 


the Cp ring and the plane defined by C2— C2 1— Nl . 
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87.72 



Acta Cryst. (2012). E68, m1490-m1491 



sup-8 



supplementary materials 



nri TI T T TT T 

DbHHU U 


1 A OO 

1.482 


1 CO A 

1.524 


1 OO A 

1.220 


A 1 1 1 

-0. 1 1 1 


AA A 

90.0 


hu U \l U r 


1.493 


1.525 


1 O A A 


A AO"0 

-0.0/2 


OO jCO 

88.68 


TTAn T~"\ T TT / 1 \ 

HAbDUb(l) 


1.493 


1 CIA 

1.520 


1 1 /: ~7 

1.167 


a 1 An 

-0.147 


on oa 

87.20 


TT A nr\T TT /1\ 

HAbDUb(2) 


1 /I jCO 

1.467 


1.472 


1 OTA 

1.270 


A AO O 

-0.033 


O C A C 

85.45 


T T A T)C AT/ 1 \ 

HAbrAl (1J 


1.460 


1 CIA 

1.530 


1 Oil 

1.233 


A 1 O C 

-0.125 


OjC CO 

86.58 


TT A DP AT/1\ 

HAbr Al (2) 


i /i no 

1.478 


1 C /I A 

1.540 


1 1 o c 

1.125 


a 1 tin 

-0.167 


oa n 

84.17 


TT A DFAT/')\ 

HAbr Al (3) 


1 /inn 

1.499 


1.526 


1 O A A 

1.309 


-0.063 


no 11 

88.73 


T TT'VTTi^TV 1/1 \ 

HIZr <JJV1( 1 ) 


1.471 


1 C 1 A 

1.519 


1.327 


A AO A 

-0.029 


O 1 AO 

81.08 


HIZr UJVL(z) 


i a An 
1.44 / 


1 CO c 

1 .525 


1 /IOC 

1.425 


A AO O 

-0.032 


AA A 
90.0 


T TT'VTTi^TV \ /O \ 

HIZr (JJVL(J) 


1 /I 1 O 

1.432 


1 C 1 c 

1.515 


1 O AO 

1.393 


A A A O 

-0.042 


O O AO 

83.97 


T T T 7r/"\A 4Y/1 \ 

HIZr UJVL(4) 


1.336 


1.529 


1 11C 

1.335 


n AA"7 

-0.00/ 


OA A 

90.0 


TT~> TT) /~\T) / 1 \ 

IblKAJb(l) 


1 /i ai 

1.493 


1.529 


1 1 AT 

1.197 


-0.142 


O O O O 

88.83 


td t r> r\n /o a 

lblKOb(2) 


1 -i ta 
1.4 /0 


1.53 / 


1.324 


A A/TA 

-0.060 


OO c c 

82.55 


T/"T7"nT T/" 1 /1 \ 

lCjbPUCj(l) 


1 cm 

1.519 


1.520 


1.248 


-0.066 


nn /. a 


IGEPUG(2) 


1.522 


1.523 


0.999 


-0.274 


85.92 


IGEPUG(3) 


1.514 


1.533 


1.914 


-0.426 


81.02 


T/" 1 T" 'T>T T/" 1 / A \ 

1GEPUG(4) 


1.516 


1.533 


1.152 


-0.163 


83.23 


j/~^t:/~\ a xt/1 \ 

KjbQAJN(l) 


1 yi z:o 

1.462 


1 C11 

1.533 


1.251 


A 1 A 

-0.106 


OO C£L 

82.66 


J/~^Tl/~\ A XTZO\ 

lubQAN(z) 


1 /I O 1 

1.481 


1 C A O 

1.543 


1.216 


A 1 O O 

-0.123 


OO o o 

87.22 


its 

IKJJJNOb 


1 /IOC 

1.45 5 


1 coo 

1.522 


1.223 


A 1 AA 

-0.100 


O A AA 

84.09 


IKAJJNUbOl 


1.484 


1 C 1 A 

1 .514 


1.223 


A AO*7 

-0.09 / 


OA A 

90.0 


TT/" /~\XTT TT» 

1KONUR 


1 /I AT 

1.495 


1 CI/ 

1.526 


1 1 '■n 

1.177 


A 1 O A 

-0.134 


O /" AO 

86.93 


IKUZOD(l) 


1.493 


1.530 


1.272 


-0.073 


80.32 


TT/"T TTArv/IN 

lKUZOD(2) 


1.487 


1.528 


1.316 


-0.050 


82.74 


TT/" T T~7T TT/l \ 

IKUZUJ(l) 


1 AO A 

1.484 


1 CTC 

1.535 


1 O AA 

1.290 


A ATO 

-0.072 


O O /"I 

88.63 


IKUZUJ(2) 


1.489 


1.537 


1.256 


-0.094 


87.41 


IQUCIG 


1.485 


1.528 


1.263 


-0.083 


79.62 


tt iTivrn 


1 AH\ 
1.4/1 


l.Mo 


1 O OO 

1.283 


-0.066 


OO OA 

88.29 


TT T TT\/~\ TT 
JUJUUH 


1.482 


1.5 Jo 


1 0 0 A 

1.330 


A AC/: 

-0.056 


OO C A 

88.54 


TT T TT~\i~\T TA 1 

JUJDOH01 


1 A OO 

1.488 


1.510 


1.327 


A AO O 

-0.033 


OO CO 

87.68 


TT T TT7T7 7 

JUJrEZ 


1 AO C 

1.485 


1.530 


1.225 


A 1 1 1 

-0.111 


OO C A 

88.50 


LEJHIR 


1.488 


1.521 


1.129 


-0.141 


76.82 


t rTTTrw/i \ 

LEJHOX(l) 


1.502 


1 COO 

1.523 


1 O AA 

1.200 


A 1 OA 

-0.120 


O O 1 o 

83.12 


T T7 TTT/~\V/0\ 

bbJH(JA(z) 


1.484 


1.526 


1 O AO 

1.203 


A 1 OO" 

-0.127 


O £. OA 

86.84 


T T"C\H 7T TO / 1 A 

blr W Ub(l) 


1 CAfl 

1.509 


1 C 1 jC 

1.536 


1 1 OT 

1.12 / 


A 1 

-0.166 


OO jC/1 

/8.64 


T TFll 7T TO ZO\ 

LIFWUS(2) 


1 /IOC 

1.485 


1 C A A 

1.544 


1 1 A 1 

1.101 


A 1 OT 

-0.127 


/"A O 1 

69.81 


LIFXAZ 


1.494 


1.525 


1.125 


-0.129 


70.44 


NAGHOU 


1.501 


1.527 


1.256 


-0.060 


77.63 


XT A f" 1 T T T T A ( 1 \ 

JNAuHUA(l) 


1 /ion 
1.489 


1 C O IZ 

1.526 


1 o o c 
1.235 


A AAT 

-0.09 / 


OO OA 

/9. /0 


XT A /^TJT T A ZO\ 

JNAuHUA(2j 


1 /I OC 


1 coo 
1.528 


1 1 OO 

1. 182 


a 1 on 
-0.129 


OO A A 


XT AT7Cn 

JNA1 ZbU 


1 A CO 

1.439 


1 C A A 

1.549 


1 O AC 

1.295 


A AO" A 

-0.0/4 


OO O A 

89.24 


XTT~?'\7'C , TT"" 1 


1 /I oc 

1.486 


1 CO c 

1.525 


1 O C £. 

1.256 


A AAA 

-0.090 


O £. n £. 

86.76 


C A "~7~\\ 7T A 

SAZW1A 


1 ah*~\ 

\ All 


1 ci n 

1.530 


1 ioo 

1.188 


A 1 1 A 

-0.119 


OA H H 

80.76 


WASGED(l) 


1.489 


1.533 


1.181 


-0.150 


88.52 


WASGED(2) 


1.488 


1.523 


1.239 


-0.101 


88.53 


WASGED(3) 


1.479 


1.518 


1.241 


-0.093 


88.22 


XAJNIF(l) 


1.481 


1.519 


1.318 


-0.054 


87.91 


XAJNIF(2) 


1.488 


1.532 


1.325 


-0.049 


87.05 



Acta Cryst. (2012). E68, m1490-m1491 



sup-9 



supplementary materials 



XEQKIN 1.497 1.531 1.378 -0.012 84.17 

YOVGOF 1.488 1.524 1.265 -0.057 75.89 

Notes: ASAZIE (Bai et al, 201 1); BUBCOQ (Zhuji et al, 1982); BUBCUW (Yongmao et al, 1982); DEHHUU (Volkov et al, 2006); EDUQUP (Reynes 
et al, 2002); HABDUL (Xu et al, 2010); HABFAT (Xu et al, 2010) ; HIZFOM (Selvapalam et al, 2007); IBIROB (Hu et al, 2004); IGEPUG (Li et al, 
2009); IGEQAN (Li et al, 2009); IKONOL (Ballester et al, 2003); IKOOL01 (Herbstein & Kapon, 2008); IKONUR (Ballester et al, 2003); IKUZOD 
(Volkov et al, 2003); IKUZUJ (Volkov et al, 2003); IQUCIG (Blake et al, 2004); JUHXEP (Pullen et al, 1998); JUJDOH (Pullen et al, 1998); 
JUJDOH01 (Pullen et al, 1998); JUJFEZ (Pullen et al, 1998); LEJHIR (Ferguson et al, 1994); LEJHOX (Ferguson et al, 1994); LIFWUS (Malezieux et 
al, 1 994); LIFXAZ (Malezieux et al. , 1 994); NAGHOU (Broomsgrove et al. , 201 0); NAGHUA (Broomsgrove et al. , 20 10) ; NATZEO (Hong et al. , 
2005); NEYSIT (Chohan a/., 1997); SAZWIA (Sharma et al, 2006); WASGED (Volkov et al, 2005); XAJNIF (Hosmane et al, 1998); XEQKIN (Deck 
et al, 2000); YOVGOF (Veya & Kochi, 1995). 
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